Abstract: Pathfinder Normalized Difference Vegetation Index (NDVI) derived from Channel 1 (Red) and Channel 2 (near-infrared) of Advanced Very High Resolution Radiometer (AVHRR) onboard NOAA 14 became abnormally high for the 10-day composite from February 11 to 20 in 1999 for Western Australia. There was a solar eclipse in the satellite path on February 16 about the same time when NOAA 14 was above the eclipse location, causing the Channel 1 value to be 0 in many cells. The NDVI composite updating rule was to capture the greenest condition of each composite period. There seems to have been a possible lack of quality control during the NDVI composite generation, which could have caused the abnormally high NDVI values. However, there were some cells within the affected area that had values close to normal for NDVI as well as Channel 1 and Channel 2. The abnormal NDVI data values could have been avoided by not using the data obtained during the eclipse in the generation of the composite. Further investigation on those cells which were not affected by the eclipse is suggested for a better quality control of remote sensing data obtained during eclipse occurrences.
Introduction
About three decades ago, Normalized Difference Vegetation Index (NDVI) derived from NOAA/NASA Pathfinder Advanced Very High Resolution Radiometer (AVHRR) enabled observation of vegetation conditions at global and almost real-time scales unlike any time before. Owing to its OPEN ACCESS constant spatial and temporal coverage of Earth"s surface, it became feasible to monitor global vegetation development on a relatively continuous and consistent basis. There are numerous examples of how Pathfinder AVHRR Land (PAL) NDVI has been used in various scientific fields such as earth sciences, ecology, climate change, socio-economics, epidemiological studies and more. Pathfinder NDVI has been used to estimate global and regional scale land primary productivity estimates [1, 2] , identify CO 2 fertilization effects in natural settings [3] , study vegetation condition and El Niño relationship [4] , perform climatic impact modeling for deforestation [5] and epidemiological modeling for tropical diseases such as malaria [6, 7] .
PAL NDVI data sets were produced in several different temporal and spatial resolutions and cover from July 1981 until September 2001. Before discontinuation, PAL NDVI data sets were publicly available via NASA Goddard Space Flight Center (GSFC) Distributed Active Archive Center (DAAC), which is currently known as Goddard Earth Sciences Data and Information Services Center (GES DISC). At present, more than 20 years of rich Pathfinder NDVI data sets have been archived and removed from public access by the GSFC. Currently available NOAA-AVHRR NDVI data include Global Inventory Modeling and Mapping Studies (GIMMS) monthly NDVI from 1981 to 2002 [8] and Land Long Term Data Record (LTDR) daily NDVI from 1981 to 1999 [9] .
Like any other satellite data, Pathfinder NDVI are not perfect. First of all, vegetation indices derived from surface reflectance data such as the Channel 1 (Red) and Channel 2 (near-infrared, NIR) of AVHRR are, in general, not sufficient to fully understand vegetation development because they cannot provide data on green leaf layers under the vegetation surface. Some common imperfection of the data is caused by satellite orbit drift, difference of degradation of the channels 1 and 2 of AVHRR itself and cloud contamination, therefore calibration changes were made throughout the product generations for improvement [10] . Nevertheless, in the case of the second 10-day composite of February 1999 for Western Australia region, AVHRR"s observations resulted in PAL NDVI values completely out of the expected range, of which will be investigated in the following sections. The original NASA"s 10-day composite image files of PAL NDVI for February 1999 are presented in Appendix A.
Data
Pathfinder NDVI (noted as "XVI" in [10] ) was derived from two reflectance values; one in red range visible spectrum (Channel 1, wavelength of 0.58-0.68µm) and the other near-infrared (Channel 2, wavelength of 0.73-1.10 µm) of AVHRR. AVHRR is a passive scanning radiometer, onboard NOAA satellite series. NOAA satellites are near sun-synchronous polar orbiters, and the first satellite that was used to produce Pathfinder NDVI was NOAA-7, which was launched in June 1981. Pathfinder NDVI was defined as NDVI = (R 2 − R 1 )/(R 1 + R 2 ), where R 1 is Channel 1 reflectance and R 2 is Channel 2, based on the characteristic tendency of green leaves to absorb red radiance, Channel 1, and reflect near-infrared, Channel 2 [11] . That is, more Channel 2 reflectance and less Channel 1 reflectance imply stronger green vegetation signs. The difference of the two channels reflectance was divided by the sum of the two channels to normalize the NDVI to have a range between −1 and 1.
The publically available 8 km × 8 km Pathfinder NDVI data sets were provided in two temporal resolutions, 10-day composites and monthly. The AVHRR onboard NOAA, a polar orbiter, could provide repetitive measurements of reflectance from the same location during a 10-day composite period owing to its twice daily earth scans with orbital period of 102 minutes and swath of about 2,700 km. The NDVI composites were computed for each cell, and re-computed when new data values became available within the same period [10] . The NDVI value assigned to each cell in the composite image was the highest value for that location during the period of the composite.
In February 1999, the second 10-day composite, a composite of data collected between February 11 and February 20, 1999, of Pathfinder NDVI values for a large number of cells belonging to the Western Australia region were unreasonably high, with the NDVI equal to 1. The usual expected NDVI would not be greater than 0.3 for most cells of the data set. Figure 1 
Results and Discussion
On On the same day, the first solar eclipse of 1999, which was an annular eclipse, began about 1,000 km south of South Africa at 04:57 UTC and headed eastward slightly toward the north. The path of annularity crossed into Western Australia about 300 km north of Perth at 07:28 UTC with the path width 42 km and the duration of annularity 48 seconds [13] . Table 1 shows the center, northern and southern limits of the eclipse path between 07:25 UTC and 07:40 UTC. Figure 2 juxtaposes the foot print of NOAA 14 and the eclipse shadow passage over the coastline of Western Australia. The line segment denoted "1" in Figure 2 presents the instantaneous south boundary of the swath of the Channel 1 and Channel 2 detectors onboard NOAA 14 at 07:27:20 UTC; and "4" the instantaneous north boundary of the swath at 07:35:48 UTC. The line segments denoted "2" and "3" are the approximate locations of the ground resolution cells at the given times. In Figure 2 the circles denoted with the letters "a" to "d" present the center locations of the eclipse antumbral shadow path at the matching time, that is, "a" at 07:27:20 UTC, "b" 07:30:00 UTC, "c" 07:35:00 UTC and "d" 07:35:48 UTC.
The eclipse path was in the path of NOAA 14 when it was above Western Australia on February 16, 1999. AVHRR is a passive sensor, and the natural source of reflectance, sun light, for the sensor was not available throughout the eclipse antumbral shadow path on that day. Due to the eclipse, the lack of illumination resulted in a radiance for Channel 1 and 2 that was unusually low; and in many cells Channel 1 (visible spectrum) reflectance was "0", which caused NDVI to become "1" regardless of what the Channel 2 values were. Table 2 The abnormally high NDVI values obtained on February 16, 1999, became the official NDVI 10-day composite values, partially due to a failure of strictly following the "updating rule" for NDVI composite. Updating of the composites was to be performed cell by cell. The difference of Channel 2 and Channel 1 values for the new data was computed, and compared to the basic composite array. If the new difference was greater, then the NDVI value for the new data point was computed and replaced the previous NDVI [10] . In the case of the second 10-day composite in February 1999, probably not (R 2 − R 1 ), where R 1 is Channel 1 reflectance and R 2 is Channel 2 reflectance, was compared but the NDVI itself, (R 2 − R 1 )/(R 1 + R 2 ), was compared to select greater NDVI for a cell and caused such abnormality in the values. The abnormality of the NDVI 10-day composite from February 11 to 20 is more clearly shown in Figure 3 for a small portion of the affected area close to Shark Bay in Western Australia. Figure 3b is the surface greenness plotted according to the NDVI second 10-day composite in February 1999, which shows an abrupt increase of the greenness from the previous 10-day composite, (a), then an abrupt decrease to the following, (c). During the eclipse there were some cells of which reflectance in Channel 1 and Channel 2 were close to normal such as the cells with bolded, italicized text in Table 2 . It is not clear why those cells were not affected by the eclipse. However, possible explanations might be that those cells were somewhat far off eclipse"s antumbra at the moment when the sensor was directing to them, and some sun light was allowed, or the pixels were selected from other overpasses that were not under the eclipse condition.
The fact that the PAL NDVI became abnormally high for the 10-day composite from February 11 to 20 in 1999 for Western Australia was due to (1) the solar eclipse occurrence in the satellite path and (2) the NDVI composite updating rule, and (3) possible lack of quality control during the NDVI composite generation. The actual Channel 1 and Channel 2 data values for the composite from February 11 to 20 were not proper data sources for NDVI composite computation for the period. The abnormal data values could have been avoided by simply not using the data obtained during the eclipse in the generation of the composite.
More careful examination of the observed values of the AVHRR channels 1 and 2 during the second 10-day composite period in February 1999 is desired, perhaps with data in a higher spatial and temporal resolution to have a better understanding of eclipse impacts on remotely sensed data. In addition, further investigation on those ground cells not affected by the eclipse is suggested for it can provide valuable insights on how to efficiently screen out irregular data values obtained under an unusual condition such as an eclipse. It will be then possible to explore a range of quality control tests to see which are capable of eliminating the eclipse-affected values to avoid a production of incorrect data.
